Introduction
Substituting hydrogen by fluorine in organic compounds is one of the most powerful synthetic tools available to influence a variety of molecular properties. The strategy has been widely applied in medicinal chemistry and drug design as a way of tuning metabolic stability, modifying chemical reactivity, and improving transportation and absorption characteristics of pharmaceuticals.
[1] The presence of fluorine in drug candidates and marketed drugs is now commonplace. The impact made by fluorine on molecular properties has been well-studied and described in the literature. [1, 2] To date there are more than 200 pharmaceuticals known with at least one fluorine atom. Literature analysis highlights the presence of fluorine in 10-15 % of launched drugs worldwide over the past 50 years, with a noticeable increase in the past five years.
[1b] One can find fluorine in pharmaceuticals and drug candidates in a variety of structural presentations, for instance, molecules containing between 1 and 21 fluorine atoms are applicable in all therapeutic areas.
Pivotal positions among all classes of fluorinated pharmacologically active compounds have been occupied by nucleosides with fluorine functionality either in the sugar or in the heterocyclic part. Fluorinated nucleosides and their analogues represent a class of organic fluorine-containing compounds that, over the last three decades, have found extensive applications in biological chemistry, life-science, and medicine. To date there are a large number of marketed drugs, so called fluorinated purine and pyrimidine antimetabolites, that are broadly used for the treatment of numerous cancers and viral infections (Figure 1 ). [1c,1d] Inspired by the relevance of fluorinated purine and pyrimidine nucleosides and taking into account our experience [3] in the design and synthesis of fluorinated purines, their nucleosides and isosteres as potential drug-like scaffolds, our laboratory has undertaken this study to develop a new class of pyrimidine C-ribosides with polyfluoroalkyl substituents in the 4-position by the annulation of the pyrimidine core onto 1-(β-d-ribofuranosyl)formamidine 3. At the same time, the inclusion of this prospective buildingblock in the design of diverse C-riboside libraries by the reaction of 3 with the a set of common nonfluorinated 1,3-CCC-bielectrophiles was our second target.
The most fruitful approach described for the synthesis of C-nucleosides (the linkage originates from the C-1Ј position of the ribose sugar moiety and joins the carbon of the heterocyclic base) involves the preparation of the desired heterocycle from a C-glycosyl derivative functionalized at the C-1Ј substituent. One type of C-glycosyl derivative that has received much attention is represented by the 3-(ribofuranosyl)propiolates 1, some of which have been utilized to prepare triazole and pyrazole C-nucleosides through 1,3-dipolar cycloaddition reactions to the triple bond. [4] Their reactions with guanidine readily affords 6-(β-d-ribofuranosyl)pyrimidines, [5] whereas 2-(d-ribofuranosyl)-2-formylacetates 2 give 5-(β-d-ribofuranosyl)isocytosine. [6] Another useful C-ribosyl derivative is 1-(β-d-ribofuranosyl)formamidine hydrochloride 3 (2,5-anhydro-d-allonamidine hydrochloride, Figure 2 ), which reacted with appropriate dielectrophilic substrates, such as dimethyl cyanoiminodithiocarbonate, ethyl acetoacetate, sodium diethyl oxaloacetate, and ethyl 4-(dimethylamino)-2-oxo-3-buteno- ate, to give 2-(β-d-ribofuranosyl)-1,3,5-triazines [7] and 2-(β-d-ribofuranosyl)pyrimidines. [8] However, pyrimidine C-nucleosides with the glycosyl moiety at C-2 have not received much attention despite the fact that some of them are useful in treating a wide variety of diseases, including infections, infestations, neoplasms, and autoimmune diseases. [9] Figure 2. Types of C-1Ј glycosyl derivatives.
Results and Discussion
It is well-known that the inclusion of a CF 3 activity and reactivity of the derived fluorinated compounds. [1c,1d] In this context, of special interest is the synthesis of the hitherto unknown R F -containing 2-(β-d-ribofuranosyl)pyrimidines, which may be viewed as partially fluorinated analogues of C-nucleosides that exhibit important biological activities. [9] When the presence of a perfluorinated residue is required in a bioactive target molecule, either the fluoroalkylation reaction [10] of a convenient intermediate or the synthesis from perfluoroalkyl-substituted precursors may be employed. [11, 12] When the latter approach is used, 3-alkoxy-1-(polyfluoroalkyl)propen-1-ones are often employed as the electrophilic species for the synthesis of R F -containing compounds. [13] We now report that a perfluoroalkyl chain can be introduced at C-4 of 2-(β-dribofuranosyl)pyrimidines by reaction of 3-ethoxy-1-(perfluoroalkyl)propen-1-ones and 3,3-dimethoxy-1-(polyfluoroalkyl)propen-1-ones with 1-(β-d-ribofuranosyl)formamidine hydrochloride 3 (Scheme 1). [14] (ii) MeONa, MeOH, 72 h; [15] (iii) NH 3 in MeOH, NH 4 Cl, 72 h; [8] (iv) MeONa, DBU, DMF, 80°C, 3 h (for 4a); (v) K 2 CO 3 , molecular sieves (4 Å), DMF, 60°C, 4-5.5 h, under argon (for 4b, 5a, and 5b).
The key synthetic intermediate 3, which had previously been synthesized, was prepared by the reported procedures [8, 14, 15] from 2,3,5-tri-O-acetyl-β-d-ribofuranosyl acetate through the O-acetylated cyanide and reaction with catalytic amounts of MeONa in MeOH to give the deblocked methyl β-d-ribofuranosyl-1-carboximidate, which afforded 1-(β-d-ribofuranosyl)formamidine 3 on treatment with methanolic ammonia. Amidine 3 has advantages over functionalized C-glycosides previously used for the synthesis of pyrimidine C-nucleosides. Protecting groups were not required for the synthesis of amidine 3 nor were protecting groups required for its direct use in ring-closure procedures (Scheme 1). [8] Previously, 4-ethoxy-1,1,1-trifluorobut-3-en-2-one was condensed with acetamidine and benzamidine to give a mixture of the corresponding tetrahydropyrimidines and pyrimidines. [16] After some optimization, we found that treatment of 3 with 4-ethoxy-1,1,1-trifluorobut-3-en-2-one in N,N-dimethylformamide (DMF) at 80°C in the presence of MeONa and 1,8-diazabicyclo [5.4 .0]undec-7-ene (DBU) resulted in the formation of 2-(β-d-ribofuranosyl)-4-(trifluoromethyl)pyrimidine (4a), which is unsubstituted at C-5 and C-6. Perfluoroethylated analogue 4b was prepared in 59 % isolated yield in DMF in the presence of K 2 CO 3 and molecular sieves (4 Å) at 60°C. [17] Reaction of 3 with 3,3-dimethoxy-1-(polyfluoroalkyl)propen-1-ones (R F = CF 3 , CHF 2 ) under the latter conditions gave 2-(β-d-ribofuranosyl)-6-methoxy-4-R F -pyrimidines 5a and 5b in 72-75 % yields (Scheme 1). The preparation of compounds 4 and 5 is the first reported synthesis of a pyrimidine ring C-nucleoside containing a polyfluoroalkyl group.
[1c,1d,18] The structure of 4a was confirmed by X-ray single crystal analysis ( Figure 3 ). [19] Figure 3. Molecular structure of 4a.
We decided to include 1-R F -1,3-diketones in this study to obtain the corresponding 6-substituted 2-(β-d-ribofuranosyl)-4-R F -pyrimidines, however, to our great disappointment, this chosen strategy has never been successful in our hands. To overcome this problem, we considered other chemical equivalents of a 1,3-CCC-R F synthon, namely, a series of α,β-unsaturated chloro ketones 6, which were obtained starting from easily accessible 1-R F -1,3-diketones by usual chlorination procedures with thionyl chloride (CHCl 3 , reflux, 3 h, Method A) [20] or oxalyl chloride (DMF, CH 2 Cl 2 , -78°C to room temp., Method B). [21] The products were distilled under high vacuum to afford a yellow or green liquid consisting of a mixture of Z-and Eregioisomers 6, which were not separated (Scheme 2). It was found that treatment of chloro ketones 6 with amidine 3 in DMF in the presence of K 2 CO 3 and molecular sieves at 0°C resulted in the formation of 2-(β-d-ribofuranosyl)pyrimidine 7a-i in good yields (38-73 %). In most cases, the reaction was complete after 2 h and the products could be isolated by column chromatography. The results are summarized in Table 1 (application of Method A was possible only in the case of perfluoro-substituted diketones and only if they are not sensitive to acids). As can be seen from Table 1 , the reaction has virtually no limitations with respect to the nature of the substituents in the chloro ketone molecule. This is therefore a novel and general synthesis of 6-R-4-R F -2-(β-d-ribofuranosyl)pyrimidines 7 with potential biological activity. [20] (ii) oxalyl chloride, DMF, CH 2 Cl 2 , -78°C to room temp. (Method B); [21] (iii) K 2 CO 3 , molecular sieves (4 Å), DMF, 0°C, 2 h. To establish the generality of this cyclization, compound 3 was subjected to analogous reactions with chloroketo esters 6j and 6k, prepared from methyl benzoylpyruvate, methyl (2-thenoyl)pyruvate, and oxalyl chloride (Method B), and pyrimidines 7j and 7k were obtained under the same conditions in 33 and 42 % yields, respectively (Scheme 3). These results clearly show that the present reaction could be applicable to various types of chloro ketones 6, providing a simple and rapid synthetic route to a wide range of 4,6-disubstituted pyrimidine nucleosides 7. The structures of products 7 were characterized by IR, 1 H, 19 F, and 13 C NMR spectroscopic data as well as by MS and HRMS analysis. It should be noted that no α-anomers were observed. All our attempts to synthesize the corresponding ribofuranosylpyrimidines from 4,4,4-trifluoro-1-phenylbutane-1,3-dione, 2-(ethoxymethylene)-4,4,4-trifluoro-1-phenylbutane-1,3-dione, and ethyl 4,4,4-trifluoro-3-oxobutanoate failed.
Nucleoside 7k was employed for the synthesis of other nonfluorinated nucleoside derivatives. When this compound was dissolved in methanolic ammonia and stirred at room temperature overnight, carbamoylpyrimidine 8a, possessing a ribosyl moiety at the 2-position, was obtained in quantitative yield. Treatment of 7k with hydrazine hydrate in methanol at room temperature resulted in the formation of hydrazide 8b in 83 % yield (Scheme 3).
It is known that 3-nitro-and 2-methyl-3-nitrochromones [22] react with amidines and guanidine to give the corresponding 5-nitropyrimidines. [23] These reactions proceed by nucleophilic 1,4-addition followed by pyrone ring opening and intramolecular condensation at the carbonyl group. We found that, in the case of amidine 3 and 3-nitrochromone, analogous cyclization took place in the presence of MeONa and NEt 3 in MeOH, yielding 5-nitropyrimidine 9a in 36 % yield (Scheme 4). A similar result was obtained with 2-methyl-3-nitro-and 2-butyl-3-nitrochromones in DMF, which gave compounds 9b and 9c in 35 and 48 % yields, respectively. The reduction of the nitro group of these compounds by hydrogenation in the presence of Pd/C (10 mol-%) afforded the expected 5-aminopyridines 10a-c in quantitative yield. [22] Li, Duan and Hu [24] condensed 3-iodochromone with phenylacetylene and amidines to give (5Z)-5-benzylidene-5H-chromeno [4,3-d] pyrimidines, the configuration of which was unambiguously established as the Z form from X-ray diffraction analysis. Following this precedent for the use of 3-alkynylchromones in pyrimidine synthesis, 3-(phenylethynyl)chromone was treated with C-glycosyl amidine 3 in the presence of K 2 CO 3 and molecular sieves in DMF to produce benzopyrano [4,3-d] pyrimidine 11, with a glycosyl moiety attached at C-2. This transformation can be rationalized by assuming the initial formation of intermediate 11Ј accompanied by intramolecular nucleophilic addition of the hydroxyl group at the triple bond (Scheme 4). We also hoped to increase the scope of this reaction to include 3-(trifluoroacetyl)chromone [25] and 4-chloro-3-(trifluoroacetyl)coumarin, [26] however, these attempts were unsuccessful. Previously, alkynyl ketones have been condensed with amidines to give pyrimidines. [27] To demonstrate the ability of amidine 3 to add to acetylenic ketones, it was allowed to react with ketones 12 and 13. It is significant that amidine 3 smoothly reacted with these electrophilic substrates under our reaction conditions (K 2 CO 3 , molecular sieves, DMF) to produce the expected products 14 and 15 in good yields (52-68 %; Scheme 5).
In conclusion, we have developed a simple and convenient method for the synthesis of 2-(β-d-ribofuranosyl)pyrimidines, including R F -containing derivatives, by using (β-d-ribofuranosyl)formamidine and various dielectrophilic substrates. These compounds constitute an important structural subunit of a variety of biologically active compounds, and their biological evaluation is being studied in our laboratory. On the other hand, the combinatorial aspect of the synthetic strategies developed here can be used in biologyoriented syntheses of mechanism-based enzyme inhibitors and pitfalls, and UV-active labels for nucleic acids and proteins. Both these aspects are also under intense study in our laboratory. 
Experimental Section
General: All solvents were purified and dried by standard methods. NMR spectra were recorded with Bruker AV 300 and Bruker AV 400 spectrometers. IR spectra were recorded with a Perkin-Elmer FT IR 1600 spectrometer (ATR). Mass spectra were obtained with a Hewlett-Packard GC/MS 5890/5972 instrument (EI, 70 eV) with GC inlet or with an MX-1321 instrument (EI, 70 eV) with direct inlet. Column chromatography was performed on silica gel (63-200 mesh, Merck). Silica gel Merck 60F 254 plates were used for TLC. Chemical yields refer to pure isolated substances. 
2-(β-D-Ribofuranosyl)-4-(trifluoromethyl)pyrimidine (4a):

4-Methoxy-2-(β-D-ribofuranosyl)-6-(trifluoromethyl)pyrimidine (5a):
In a 25 mL flask were placed 1-(β-d-ribofuranosyl)formamidine 3 (0.2 g, 0.94 mmol, 1 equiv.), 1,1,1-trifluoro-4,4-dimethoxy-3-buten- 
4-Phenyl-2-(β-D-ribofuranosyl)-6-(trifluoromethyl)pyrimidine (7a):
Initial diketone was previously activated by conversion into the corresponding α,β-unsaturated β-chloro ketone. To a solution of 4,4,4-trifluoro-1-phenylbutane-1,3-dione (2.0 g, 9.25 mmol, 1 equiv.) in chloroform (6 mL), was added SOCl 2 (2.258 g, 27.8 mmol, 3 equiv.), followed by addition of DMF (0.034 g, 0.46 mmol, 0.05 equiv.). The mixture was heated to reflux for 3 h, then the solvent (containing an excess of SOCl 2 ) was evaporated, and the residue was distilled under high vacuum to afford a green liquid consisting of a mixture of isomers 6a (1.994 g, 92 %).
In a 25 mL flask were placed 1-(β-d-ribofuranosyl)formamidine 3 (0.15 g, 0.71 mmol, 1 equiv.), K 2 CO 3 (0.39 g, 2.82 mmol, 4 equiv.), and DMF (3 mL), then the previously prepared α,β-unsaturated β-chloro ketone 6a (0.182 g, 0.78 mmol, 1.1 equiv.) was added at 0°C and the reaction was stirred at this temperature in the presence of molecular sieves (4 Å) for 1.5 h. The mixture was allowed to stand at room temperature overnight (18 h 
2-(β-D-Ribofuranosyl)-6-(2-thienyl)pyrimidine-4-carboxamide (8a):
Methyl 2-(β-d-ribofuranosyl)-6-(2-thienyl)pyrimidine-4-carboxylate (7k; 0.1 g, 0.28 mmol, 1 equiv.) was dissolved in 7 m ammonia solution in methanol (0.81 mL, 5.7 mmol, 20 equiv.) and stirred at room temperature overnight (18 h), then the solvent was evaporated under reduced pressure and the residue was thoroughly dried under high vacuum to give the pure product, yield 0.096 g (100 %); white amorphous solid form. 
5-Amino-4-(2-hydroxyphenyl)-2-(β-D-ribofuranosyl)pyrimidine (10a):
In a 25 mL flask were placed 4-(2-hydroxyphenyl)-5-nitro-2-(β-dribofuranosyl)pyrimidine (9a; 0.118 g, 0.34 mmol), Pd/C (0.012 g, 10 wt.-%) and MeOH (3.5 mL). The system was washed three times with argon and then three times with hydrogen. The reaction mixture was stirred for 2 d at room temperature under atmospheric pressure. When the reduction was complete (reaction monitored by TLC), the mixture was filtered through a Celite pad (2-3 cm), which was washed three times with MeOH. The filtrate was evaporated under reduced pressure and the residue was thoroughly dried under high vacuum to give the pure product, yield 0.108 g (100 %); pale-yellow amorphous solid form. 
